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Abstract 
It is very important to improve all business processes for increasing competitiveness of every enterprise. Implementation of a 
process approach to the business management is considered one of the biggest breakthroughs of 20th century. Traditional 
functional managerial systems are ineffective therefore new system has to be developed. The answer on this question is the 
Process Management. The aim of the Capability Maturity Model (CMM) framework is to improve level of processes maturity. 
This model could be used as a base for implementation of process approach in the business management. The aim of the paper is 
create briefly description of CMM and to point out relation between financial performance of Slovak enterprises and process 
control level (a maturity of processes). The theoretical base has been created after theoretical knowledge study. The CMM has 
been used in this paper as a base for creation questions of primary quantitative research. Research results have been evaluated 
using the statistical methods. The process control level of enterprises has been identified. Subsequently the relation between 
process control level and reached level of Return on Equity (ROE) has been examined as well as dependence between ROE and 
the utilization of ISO standards. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of BEM2015. 
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1. Introduction 
Process improvement is a necessity for increasing enterprise financial performance. The aim of the paper is 
investigation a relation between indicator ROE and process maturity level. 
The competitiveness of the Slovak enterprises is affected by their innovation capability not only in a field of 
product development but also in an internal processes field. The short term objectives such as profit maximization 
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are deficient at the present. It is traditional point of view on business performance measurement (Potkány - Giertl, 
2014). Currently the shareholders and mainly the managers have to be oriented to the setting of a strategic and a long 
term objectives and to the product research and development. Terms such as strategic enterprise management 
system, quality management and process management are often used in the creation of management decisions.  
Market orientation and flexibility of management are precondition of enterprise success (Potkány, 2008). 
Traditional performance measurement systems have been enhanced by additional methods focusing on business 
processes. To the best known concepts and methods belong: Balanced Scorecard (BSC), Six Sigma, Activity Based 
Costing (ABC), Total Quality Management (TQM), Total productive maintenance (TPM), Method 5S, Kaizen and 
Process management (Sujová – Marcineková, 2014). Potkány (2008) presented the ABC methodology as a tool 
calculating personnel outsourcing processes costs. This method requires an identification of activities operations and 
processes ongoing within company.  Increase of the quality is achieved through the process improvement. It is 
necessary to perform process improvement continuously to provide increasing of effectiveness and efficiency 
(Simanová, 2013).  
Success of enterprises depends on managers’ abilities to adapt changes in the enterprise environment. It is 
necessary to implement new approaches (such as process management) in the management of the enterprise. 
Process management approach is based on process identification, determination of relation between processes, 
process analysis, measurement and monitoring and process control. The following of these steps affects a continuous 
process improvement (Šatanová - Krajčírová, 2010).  
CMM could be used for identification level of the process approach implementation. CMM was firstly developed 
in 1989 for software processes. Currently this model has been applied to other process areas. It is also known as 
Capability Maturity Model Integration for process improvement (Kerrigan 2013).  
Nomenclature 
CMM  Capability Maturity Model 
CMMI  Capability Maturity Model Integration 
CMMI-ACQ Capability Maturity Model Integration including Acquisition 
CMMI-DEV Capability Maturity Model Integration including Development 
CMMI-SVC Capability Maturity Model Integration including Services 
QMMG  Quality Management Maturity Grid 
ROE  Return on Equity 
TQM  Total Quality Management 
US  United States 
2. Material and Methods 
2.1. History of Capability Maturity Model 
The concept of CMM was first developed in the 1980’s by Software Engineering Institute at Carnegie Mellon 
University, with assistance from MITRE Corporation. Aim of the development of this concept was improvement of 
organization software processes. It was response to US federal government request to development a tool for 
objectively assessing the capability of their software contractors (Paulk, 2009, Kerrigen, 2013, Humphrey, 1988). In 
1990’s were released two versions of this model (Version 1.0; Version 1.1). Subsequently it was developed CMMI 
including the People CMM (1995), the Systems Engineering CMM (1994), and the Systems Security Engineering 
CMM (1997). Finally it is framework for Part 7 of the ISO 2008 (assessment of organizational maturity) (Paulk, 
2009). CMMI models were successfully applied to different process areas for example CMMI Development, CMMI 
Acquisition and CMMI Services (Kerrigan, 2013).  
Precursors to the software CMM are total quality management (TQM) principles determining quality of product 
as a set of product development quality and maintenance processes quality. CMM adapted TQM principles for 
software organizations.  
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In 1979 Crosby developed Quality Management Maturity Grid (QMMG) including five evolutionary stages 
(Paulk, 2009): 
x Uncertainty: Quality is not management tool. Management is confused and uncommitted.  
x Awakening: Quality management is considered a tool helping enterprise improvement. 
x Enlightenment: Management makes a decision to create formal quality improvement program. 
x Wisdom: Changes should be set a permanent (things are basically quiet and people wonder why they used to 
have problems). 
x Certainty: Quality management is considered a necessary part of the company management.  
An organization’s quality operation is measured by six categories (Paulk, 2009): 
x Management understanding and attitude (it is not comprehension of a quality as a management tool at the stage 
of uncertainty and it is essential part of the company system at the stage of certainty) 
x Quality organization status (it is hidden at the stage of uncertainty and it is main concern at the stage of certainty) 
x Problem handling (problems are fought at the stage of uncertainty and prevented at the stage of certainty) 
x Cost of quality as percent of sales (it is only 2.5 percent at certainty but it is about 20 percent at uncertainty) 
x Quality improvement actions (at uncertainty it is not organized activities and at certainty it is normal and 
continued activities) 
x Summation of company quality posture (We don’t know why we have problems with quality at uncertainty. On 
the other hand we know why we don’t have problems with quality at certainty.) 
This QMMG was inspiration for creation Software CMM. Essential idea of this model is a creation of the 
organization absorbing and using its information system and software designed for itself. Ordinal scale for 
measuring the maturity of an organization’s processes and five maturity levels for continuous process improvement 
was defined. Figure 1 is pictorial representation of this five maturity levels (Vasmatzidis et al, 2001, Humphrey, 
1988): 
x The Initial Level: Processes are not under statistical control and orderly progress in process improvement is not 
possible.  
x The Repeatable Level: A repeatable level of stable processes is achieved by initiating rigorous project 
management of commitments, cost, schedule, and change.  
x The Defined Level: Process identification is a necessity for an assurance for consistent improvement and to 
provide a basis for better understanding of company processes. Advanced technology can be usefully introduced 
at this level.  
x The Managed Level: It is possible to initiate process measurements after processes definition. Therefore the most 
significant quality improvements begin appears.  
x The Optimizing Level: Measured processes could be constantly improved and optimized.  
 
Fig. 1. Capability Maturity Model. 
Initial 
Process unpredictable and poorly controlled 
Quantitatively Managed 




Process characterized for projects and is often reactive 
Defined 
Process characterized for organization and is proactive 
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2.2. Quantitative Research Study 
The primary quantitative research has been done. Two research methods have been used (namely): 
x online questionnaire 
x controlled interviews 
The enterprises from selected industrial branches of Slovak republic have been set as the research subjects. The 
aim of the research has been to find out the level of process control and ROE in research subjects. In addition 
dependence between the variables has been investigated. Database of the information about the enterprises has been 
created in the first step. Secondly the online questionnaire has been created. The base of a creation questions have 
been theoretical knowledge study partly presented in chapter 2.1. Subsequently the questionnaire has been sent to 
the enterprises’ email addresses and controlled interviews have been carried out in the chosen enterprises. Data 
collection has been processed from January to March 2013. 164 questionnaires have been completed by the 
enterprises from different branches (engineering, construction, automotive and wood-processing industries). The 
answers in questionnaires have been processed and evaluated by statistical methods.  
Dependencies among the selected data have been analyzed using chosen statistical method: chi-square test. 
Firstly pivot tables were created. Next step was to count expected frequencies and final step was the comparison the 
expected frequencies with the observed frequencies. 
Chi-square test (χ2 test) is a statistical test commonly used to compare observed data with data we would expect 
to obtain according to a specific hypothesis. Pearson´s chi squared test as a test of independence assesses whether 
paired observations on two variables are independent of each other. The chi-squared statistic can then be used to 
calculate a p-value by comparing the value of the statistic to a chi-squared distribution. Pearson's cumulative test 
statistic (χ2) is calculated by the following formula (1), where Oi is an observed frequency, Ei is an expected 
(theoretical) frequency and n is the number of cells in a table (Rubin, 2010).  
߯ଶ ൌ σ ሺை೔ିா೔ሻమா೔
௡௜ୀଵ    (1) 
Collected data have been recorded in initial note and than in pivot tables. Finally results of theoretical knowledge 
and quantitative research have been induced to general statements.  
3. Results 
Within statistical evaluation an acceptable margin of error (confidence interval) was set up on ±10%; proportion 
of characteristic is unknown so probability of characteristic occurrence was 50%; confidence level was 95%. 
Statistical formulas were used for counting sample size and the result was 97. Therefore the sample size is 
considered representative. 
In this part of the paper selected research results are presented. There is presentation of the process control level 
and achieved value of the selected financial indicator (ROE) in the Slovak enterprises (see Figure 2).  
 
Fig. 2. Values of ROE and process control levels. 
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The relation between the process control level and achieved value of the ROE has been analyzed after analysis of 
bar chart. A percentage of the enterprises managing processes at Level 0 (it doesn’t exist any process control) and at 
Level 1 (processes are managed only ad hoc) is almost same as a percentage of the enterprises achieving worse 
financial results (ROE<2%). In addition percentage of the enterprises achieving the best financial results (ROE>4%) 
is 34.76% and a percentage of the enterprises controlling processes at the level 4 and 5 is 35.98%. Therefore idea of 
dependence between the monitored variables has been inferred.  
 Table 1. Pivot table for values of ROE and process control levels. 
 The level of process control 
Value of ROE Level 0 – 1 Level 2 – 3 Level 4 – 5 Sum 
(-f; 0%) 6.10% 3.66% 5.49% 15.24% 
<0%; 2%) 14.02% 9.76% 4.88% 28.66% 
<2%; 4%) 8.54% 4.88% 7.93% 21.34% 
<4%;f) 10.98% 6.10% 17.68% 34.76% 
Sum 39.63% 24.39% 35.98% 100.00% 
In this part the results of CHI square tests are presented. 
The percentages of each group are presented in Table 1. This pivot table has been base for counting expecting 
values in CHI square test. Then the chi-squared statistic can be used to calculate a p-value by comparing the value of 
the statistic to a chi-squared distribution. The hypotheses H0 and H1 have been set: 
x H0: A value of the achieved return on equity does not depend on the level of process control. 
x H1: A value or the achieved return on equity depends on the level of process control. 
χ2 = 0.041 and it means that between variables exists statistical significant dependence, because χ2<0.05 and 
the hypothesis H0 could be rejected. Therefore H1 could be accepted. 
 Table 2. Pivot table for values of ROE and utilization of ISO standards. 
 Utilization of ISO standards  
Value of ROE Yes No Sum 
(-f; 0%) 9.76% 5.49% 15.24% 
<0%; 2%) 18.29% 10.37% 28.66% 
<2%; 4%) 10.98% 10.37% 21.34% 
<4%;f) 14.02% 20.73% 34.76% 
Sum 53.05% 46.95% 100.00% 
The enterprises have been divided into two groups such as enterprises using ISO standards and enterprises that 
don’t use ISO standard. The hypotheses H0 and H1 have been set: 
x H0: A value of the achieved return on equity does not depend on utilization of ISO standards. 
x H1: A value of the achieved return on equity depends on the utilization of ISO standards. 
The CHI square test value has been calculated. χ2 = 0.068 and it means that between variables doesn’t exist 
statistical significant dependence, because χ2!0.05 and the hypothesis H0 could not be rejected. Therefore H1 
could not be accepted. 
4. Discussion 
CMM model could be used for description of the degree to which an organisation applies formalized processes to 
the management of its various business functions (Kerrigan, 2013). While specialized variants of CMM can be quite 
useful for niche domains, the source model needs to be broadly applicable (Paulk, 2009). The aim of the CMM 
framework is formalization and institutionalization of the processes within company. The model provides a 
framework for establishing a software development processes (Vasmatzidis et al, 2001). During the development of 
this model its implementation in different process areas is deeply spreading. The purpose of CMM integration in 
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management is improvement of the processes level. Base is evolutionary development and processes have to go 
through all development stages (Persse J. - Persse Dr. J., 2001). 
CMM as well as ISO 9000 is concentrated on the same areas such as quality and process management. However, 
ISO is focused on the customer-supplier relationship and it is attempted to reduced customer risk in choosing a 
supplier. The CMM focuses on improvement of the software supplier internal processes in order to achieve a higher 
quality product for the benefit of the customer. In addition main difference is that ISO 9001 only specifies minimal 
level of acceptable quality level of processes and CMM establish a framework for continuous improvement (Kaur, 
2014). 
5. Conclusion 
Currently it is necessary to measure and identify all business processes. CMM model was developed to use as an 
objective evaluation of software subcontractors. However, new CMMs have proved useful for many organizations. 
Every enterprise process could be classified at 5 levels according this model. The ISO 9000 and the CMM have 
similar purpose. In general, ISO standard could be applied to any type of industry and in difference with the CMM, 
the ISO standard only specifies minimum levels of acceptable process quality. The CMM has been specially 
developed for software industry but it has been continuously developed to new shape. Currently, it is a general 
model using in different type of a processes. Our quantitative research study resulted into general statement that the 
value of enterprise’s financial indicator (ROE) depends on maturity levels of business processes. On the other hand 
dependence between this variable (ROE) and utilization of ISO standard has not been validated.  
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